Abstract -In this paper, a zero-delay channel estimation scheme based on both pilot and traffic channels is proposed for next generation direct sequence codedivision multiple-access (DS/CDMA) systems. This scheme has no channel estimation delay, and is found to perform significantly better than a zero-delay channel estimation scheme based on only pilot channel. The elimination of channel estimation delay reduces system delay error including power control error. The performance of the proposed scheme is insensitive to combining coefficients.
I. INTRODUCTION
For next generation direct sequence code-division multiple-access (DS/CDMA) systems, the use of coherent demodulation has been recently proposed to improve the performance of the reverse link [1] [2] . In these systems, the transmission of a reference signal such as a pilot signal is proposed so that channel estimate required for coherent demodulation is estimated from the reference signal.
In a pilot-channel-based system, a channel estimation scheme is conventionally based on only pilot channel [1] . A channel estimation scheme based on both pilot and traffic channels is proposed in [3] . This scheme is found to significantly improve the channel estimation accuracy in comparison with channel estimation scheme based on only pilot channel. In [3] , the channel estimate for the kth user's lth path at the ith symbol time ( ) 
(1) where r k,lp (i) is the despread pilot channel signal, z k,lt (i) is the data removed despread traffic channel signal. a p and a t are combining coefficients for pilot and traffic channels. M is the number of moving average filter taps and it is assumed to be an odd number. Therefore, the channel estimation delay is M-1. This channel estimation delay, M-1, may cause system delay error including power control delay that in turn increases power control error.
In this paper, a zero-delay channel estimation scheme based on both pilot and traffic channels is proposed. This scheme also utilizes the property that pilot and traffic channels bear the same channel impulse response information.
This paper is organized as follows. In section II, a system model is introduced. The proposed scheme is presented in section III and the performance of the proposed scheme is analyzed and is optimized for various channel conditions in section IV. Numerical results are shown in section V. Conclusions are drawn in section VI.
II. SYSTEM MODEL
A block diagram of the system model which consists of a transmitter, channel, and receiver is shown in Fig. 1 . In the transmitter, BPSK modulation and BPSK spreading are assumed. The kth user's data is spread by a traffic Walsh code w t , and the pilot data is spread by a pilot Walsh code w p . They are summed and multiplied by a PN long code c k to differentiate users. The scaling factor β represents the amplitude ratio of a pilot channel to traffic channel, and should be minimized to keep interference due to pilot channel small. A channel is modeled as a frequency selective Rayleigh fading channel. It is assumed that the L resolvable paths are uncorrelated and have the same average power. The maximum Doppler frequency is denoted by f D .
A receiver performs despreading, channel estimation for each path, and data detection using Rake combining [4] . The kth user received signal sampled at the uth chip time in the ith symbol duration, r k (u), after frequency down conversion may be represented as ( )
where h k,l (i), v l (u) are the channel impulse response of the kth user's lth path and the sampled noise of the lth path, respectively. It is assumed that the channel impulse response coefficients are constant during one symbol Figure 1 . System model duration and the transmission delay for each path is known through acquisition and tracking. The noise is modeled including both thermal noise and interference from other users.
III. ZERO-DELAY CHANNEL ESTIMATION SCHEME
In this section, a zero-delay channel estimation scheme based on both pilot and traffic channels is proposed. The proposed channel estimation scheme exploits channel information in pilot and traffic channels by combining zero-delay channel estimates from these two channels. The zero-delay channel estimate based on a pilot channel for the ith symbol time, ( 
where α is a forgetting factor of an exponentially weighted recursive filter. This scheme has the effect of exponentially weighting input signals. Similarly, the zero-delay channel estimate based on a traffic channel, ( )
, is made as a linear sum of ( )
Therefore, the proposed channel estimate is made by combining ( ) is made at the ith symbol time, not i+(M-1). A proposed zero-delay channel estimation scheme may be also made using a moving average filter:
This equation is similar to (1), but the difference is a summation interval. Figure 2 . Zero-delay channel estimation based on pilot and traffic channels , and it is used to remove data modulation.
IV. PERFORMANCE ANALYSIS AND PARAMETER OPTIMIZATION
In this section, the mean squared error (MSE) of a channel impulse response estimate is analyzed. And, the channel estimation combining coefficients a p and a t , and zero-delay estimation filter parameters α and M are determined.
A. Channel estimate mean squared error (MSE) analysis
The channel estimate MSE of the proposed scheme, J, may be expressed as
where 
is the first kind zero-order Bessel function, σ 2 is the noise variance, P e,temp is the bit error rate (BER) of a temporary decision, and T is the symbol duration. P e,temp may be expressed as [6] 
where
. In the analysis, Jakes model is used for Rayleigh fading channel [7] .
(7) has the same form as (2) in [3] . A difference between (7) and (2) in [3] is a summation interval for A, B, C, D, E. In (7), the summation interval is from 0 to ∞ for a recursive filter, and from 0 to M-1 for a moving average filter. However, in [3] the summation interval is from -(M-1)/2 to (M-1)/2.
The channel estimate MSE of the proposed scheme includes channel noise error and delay error. The delay error is caused by using mainly past signals in addition to a present signal in estimating ( ) , h i k l . However, the channel estimate MSE of the scheme in [3] includes only channel noise error. The MSE of the proposed scheme is expected to be larger than that of the scheme in [3] due to additional delay error.
B. Parameters optimization
Optimal values for a p and a t are determined by finding a p and a t which satisfy J ∇ =0 [6] : (11) Zero-delay estimation filter parameters α and M should be determined by considering tradeoff between channel noise error and delay error. The reason is that an increase in α for the recursive filter estimation approach and M for the moving average filter estimation approach has two effects. The first effect is a decrease in the bandwidth of the zero-delay estimation filter such that a channel noise error becomes small; the second effect is a delay error increase such that the channel tracking performance degrades. The optimal α and M are determined by varying the values of α and M around the values that are pre-calculated using normalized Doppler frequency, f D T.
V. NUMERICAL RESULTS
In this section, the channel estimate MSE and BER using the proposed channel estimation scheme are evaluated and compared with those of other schemes. The channel estimate MSE and BER are obtained using analytical and simulation results. The variation of channel estimate MSE with the combining coefficients, a p and a t , is also investigated.
A frequency selective fading channel with 4 paths is assumed. β 2 set to 0.125. The optimal values of a p , a t , α, and M for various f D T at SNR=10dB are summarized in Table 1 . a p and a t are calculated using (9), and α and M are determined as described in the previous section.
A. Parameters of proposed scheme
As f D T decreases, the optimal values of α and M are found to increase in Table 1 . The reason is that as f D T decreases, a filter with a smaller bandwidth is desired. M for the scheme in [3] is optimized to reduce the MSE due to only channel noise error. When the same value of M is used for the proposed scheme, the MSE of the proposed scheme is larger than that of the scheme in [3] due to the additional delay error. In the proposed scheme, the sum of the channel noise error and the delay error should be jointly minimized. Hence, M for the proposed scheme should be smaller than M for the scheme in [3] , and the MSE of the proposed scheme should be larger than that of the scheme in [3] . α and M of the zero-delay channel estimation based on only pilot channel are found to be larger than those of the proposed scheme because the channel noise error effect in the only pilot channel scheme larger than that in the proposed scheme.
B. Channel estimate MSE
Channel impulse response estimate MSE is presented in Fig. 3 for frequency selective fading channel with 4 paths. This figure indicates that the use of both pilot and traffic channels significantly reduces channel estimate MSE compared with the use of only pilot channel scheme: the reduction factor is 4.3 for a channel with f D T=10 -3 . It is found that the elimination of channel estimation delay results in an increase in channel estimate MSE from 0.00269 to 0.01595 because of additional delay error and increased channel noise error. The type of a zero-delay estimation filter is found not to affect channel estimate MSE. Fig. 4 shows simulated BER results when the proposed scheme, the zero-delay only pilot channel scheme, and the scheme in [3] are employed in detection. The results in Fig. 4 indicate that the proposed scheme has lower BER than the zero-delay channel estimation scheme with only pilot channel. Therefore, the power of a pilot channel can be reduced by using a proposed channel estimation scheme. However, the proposed scheme does not have as low BER as the scheme in [3] because of additional delay error and increased channel noise error. This is a price for eliminating channel estimation delay. For the proposed scheme, the use of a recursive filter results in a little bit higher BER than that of a moving average filter because of a temporary decision error propagation. 
C. BER performance

VI. CONCULSIONS
In this paper, a zero-delay channel estimation scheme based on both pilot and traffic channels is presented for next generation DS/CDMA systems. The proposed scheme reduces channel estimate MSE by the factor of 4.3 and improves BER performance in comparison with the zero-delay channel estimation based on only pilot channel. The elimination of channel estimation delay reduces system delay error including power control error, but increase the channel estimate MSE and BER due to additional delay and increased channel noise error. The performance of the proposed scheme found to be insensitive to the combining coefficients. 
